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The closed-loop conical-scan (conscan) technique has proven o be a useful method
Jor pointing the DSN antennas more accurately than is possible by open-loop methods,
As presently implemented, the antenna beam is scanned about the received signal direc-
tion by physical movement of the antenna. While straightforward, this approach has at
least two disadvantages. Firstly, because of structural distortions, finite angle encoder
resolution, and drive servo response, the actual antenna beam direction only approximates
the commanded beam direction. Secondly, because of the large mass moved during scan,
the rate of scan is severely restricted. If there are significant gain or signal level variations
during a scan period, the conscan system interprets these variations as antenna pointing
crror. Both of these disadvantages would be alleviated in an inertialess conscan svstem in
which the beam scanning was performed clectronically. Recently, standard JPL antenna
Seedhom sofrware was upgraded (described separately in this report ) to calculare, among
other things, asymmetric corrugated horn radiation patterns of the type that would be
needed for electronic beam scan. A brief look has been taken at the required horn excita-
tion, The results, described in this article, are highly promising. ’

{. Introduction

March and April 1979

The basic conscan technique utitized with the DSN anten.
nas has been deseribed in detail by Ohlsen and Reid (Ref. 1).
Basically. the beam is continuously precessed at a specified
scan radius about the expected signal arrival direction, and
variations of signal are cross-corrclated with the beam position,
To a first approximation, any error between the precession
cone axis and the signal direction results in a sinusoidal varia-
tion of the received signal level. This variation may then be
processed and utilized to effect a pointing correction. A
limitation of conscan is that spacecraft signal level variations
and receiver gain fluctuations that occur during one scan

period are interpreted as pointing crrors: thus it would be
desirable to scan very rapidly and integrate over many scan
periods, as the spectrum of signal fluctuations tends to decay
rapidly with increasing frequency. This objective could be
achieved with electronic, rather than mechanical, beam scan-
ning. A second important consideration is that mechanical
scanning is inherently limited in accuracy by drive servo
response, finite encoder resolution, and structural distortions.
To be useful, an electronic beam scanning system would have
to be designed such that antenna aperture efficiency and sys.
tem noise temperature are not significantly degraded by
introduction of the beam scanning capabitity. These prob-
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lems arc only addressed conceptually in this article, but do
not appear serious.

1I. Method of Beam Scan

A good way of visualizing the inertialess conscan system
is in terms of the more familiar monopulse technique. In the
monopulse technique, the feed system produces a ““reference”
beam (symmetrical with respect to the antenna axis) and a
pair of spatially-orthogonal *‘error™ beams (asymmetrical
with respect to the antenna axis). For small pointing errors,
the error beam signal is directly proportional to pointing
crror. Each of the two error beams has a plane (containing
the antenna axis) of zero output called the “null plane.”
The two null planes are designed to be as orthogonal as possi-
ble. thus providing pointing errors in two perpendicular
coordinates.

It can readily be seen from symmetry considerations that it
the three outputs from a monopulse feed were combined in
such a way that controlled smull amounts of the error outputs
were added to the reference output, the resultant beam would
be scanned off axis by an amount directly related to the
amount of error output added to the reference output, More-
over, if the total amount of error signal added to both chan.
nels was held constant, but varied sinusoidally and consin.
usoidally. respectively. with time between the two channels.
the result would be a precessing beam; i.e.. a conscan. This is
the basic concept discussed here. Although we are discussing
conical scan and not monopulse, it is convenient to retain the
“reference™ and “error” nomenclature to identify symmetry
propertics of feedhorn modes and beams.

Conceptually, the inertialess conscan feed discussed here
consists of a corrugated conical horn similar to those pre-
sently in use in the DSN. except that capability is introduced
in the throat region of the horn for generating a controllable
amount of error (asymmetric) mode for beam scan. This gen-
eration could be accomplished, for example, by a system of
probes driven by semiconductor devices. The feedhorn propa-.
gation characteristics of these error modes and their radiation
characteristics can be calculated to high accuracy with recently
upgraded JPL software (Ref. 2). It turns out that these error
modes have very fortunate properties, which appear to have
gone unnoticed in previous work: these properties are dis-
cussed in the following section.

. Asymmetric Feedhorn Modes for
Beam Scan

The fields inside a corrugated conical feedhorn may be
expanded in a series of orthogonal modes (Clarricoats, Ret. 3,
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has an excellent discussion of this technique), each of which
takes the form of a complicated polar (8) dependence multi-
plied by sinusoidal/cosinusoidal azimuthal (¢) dependence.
Additionally, there are two general classes of these “hybrid”
modes. designated ME, . and £1, . Thus the polur and
azimuthal electric fields for these modes are given respectively
by.

. = . sin (mo) ]

l""»m 'I" ) [COS (INO)] A
" cos (1) \

EOmn Bn 0y [sin (mo)] ()

The subscript n refers to the order of the Eigenvalue solution
to fields in the horn. For the reference beam (as presently used
in the DSN feedhorns). the /£, mode is normally used,
sometimes in conjunction with the /71, y mode for bewmshap.
ing purposcs. The index m is selected to be 1 for pattern
symmetry, and 4, (0) is made as nearly equal to B, (0) as
possible for polarization purity and high aperture efticiency
(sce Ludwig, Ref. 4).

Because the corrugated feedhorn  has  circumferential
grooves, it can also support smooth wall maodes that have only
circumferential wall currents (the 7£,, modes). Figure |
shows the minimum three modes necessury to construct
circularly-polarized error patterns: namely 7/, il JHE | .
and HE,,.!. At the horn balance frequency (infinite groove
reactance) all three of these error modes have the same
Eigenvalue solution and hence propagate with the same
velocity (Ref. 3). Additionally, the polar field variation is
identical for each. Near the balance frequency, these desirable
properties are approximately maintained. Thus. the circularly
polarized error beams are inherently broadband. The reference
mode does. however, propagate with a different velocity, Thus
for the inertialess conscan system described here, the phase of
the beam scan is frequency sensitive and must be taken into
account.

Using the upgraded hybridhorn program (Ref. 2). /11|
(reference). Elly,. TEq . and /1L, feedhorn 8.415.GHy
patterns were computed tor the standard DSN horn developed
by Brunstein (Ref. §): these are shown in Figs. 2 through §.
Similar 8.415.Gllz patterns were computed for the multi-
frequency feedhorn recently developed by Williams (Ret. o)
these are shown in Figs. ¢ through 9. In all cases, the three

'Ludwig's (Ref. 4) proposed detinition of normal and crosspolariza:
tion is used in Vig. 1.



error mode patterns have essentially coincident phase centers
and ncarly equal phase delay in travelling from horn throat
to-aperture. As can be seen in Figs. 2 through 9, all of the
crror patterns are essentially identical (for a given horn),
thus insuring high polarization purity.

IV. Error Mode Exclitation and Control

For the standard Brunstein horn, the computed 8.415-Gliz
mode cutoff horn throat diameter is shown in Tuble 1 for the
lowest modes.

As shown in Table 1, the four required modes have the

lowest cutoff diameters, thus allowing rejection of undesired
higher order modes.

Figure 10 shows conceptual designs tor standurd and
multifrequency horns with electronic scan.

V. Conclusion

This brief study of beamscan by use of corrugated conical
horn modes was performed as a part of the hybrid horn solt-
ware (Ref.2) verification process. The results are highly
encouraging and indicate that inertialess conscan is teasible
with modified versions of present DSN feedhorns. Mode
excitation devices have not. however, been investigated.,
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NULL PLANE
Yfm lel (EVEN) Y-POLARIZED ERROR
E. =0 £, = A(0) sin (20) € = A (0)4in (2¢)
Table 1. Mode cutoff diameters * vz vl
!’ = IO(O) E‘ = !2(0) cot (2¢0) Eé . lo(:?) . lz(:') cos (2¢0)
Cutoff
Mode diameter, cm (in.) Comments
IIE” 2.9 (0.90) . Normally-used (reference) mode + -
III:'zl 3.81 (1.50) Desired error mode ¢
) NULL PLAN
I:IIOI 4.06 (1.60) Desired error mode o
TE,, 434 (1.7 Desired etror mode HEq)/EHy) HEy (000) X-POLARIZED ERtOR
Ey, 5.51 Q1M Undesired mode £y = Agle) Bg = Adlodoor (20) By = Agli) = Agl!) con (20)
ME $.97(2.3%) Beamshaping mode €= 0 £ = -0yl sin (200 £y ¥ ~By(d)ain (26)

Y-POLARIZED ERROR:

£ {[oo(o) + 8,(0)) + [Ay9) - 8,00)] sin (261} cor 8

FOR 8,(3) = Ag(9) = Bo(3), Ey, = 285()) cos ¢ (DESIRED POLARIZATION)
£ = 0 (CROSS POLARIZATION)

X-POLARIZED ERROR:

IV {Ag(0) + Az(a)] cord + [B,00) - Az(d)] sin (28) sin @

FOR A(0) = Ay(8) = B,(0), E = 2Ag(3) cos ¢ (DESIRED POLARIZATION)
Ec = 0(CROSS POLARIZATION)

Fig. 1. Error channe! modes In corrugated horns
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Fig. 5. Brunsteln horn, HE,, Mode, 8.415 GHz
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Fig. 7. Williams horn, EH, Mode, 8.415 GHz, E theta
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Fig. 8. Williams horn, TE ,, Mode, 8.415 GHz, E phi
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Fig. 9. Williams horn, HE ;, Mode, 8.415 GHz
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Fig. 10. Conceptual electronic beam scan configurations: (a) muttl-
frequency horn with electronic X-band beam scan; (b) single-
trequency horn with electronic X-band beam scan
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